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(54) A cone-stack centrifuge 

(57) A cone-stack centrifuge (20) for separating par- 
ticulate matter out of a circulating liquid includes a cone 
stack assembly (25) which is configured with a hollow 
rotor hub (24) and is constructed to rotate about an axis. 
The cone-stack assembly is mounted onto a shaft 
centertube (23) which is attached to a hollow base hub 
(87) of a base assembly (21 ). The base assembly further 
includes a liquid inlet (82). a first passageway (83). and 
a second passageway (84) which is connected to the 
first passageway. The liquid inlet (82) is connected to 
the hollow base hub (87) by the first passageway (83). 
A bearing arrangement is positioned between the rotor 
hub (24) and the shaft centertube (23) for rotary motion 
of the cone-stack assembly (25). An impulse-turbine 
wheel (29) is attached to the rotor hub (24) and a flow 
jet nozzle (27) is positioned so as to be directed at the 
turbine wheel (29). The flow jet nozzle (27) is coupled 
to the second passageway (84) for directing a flow jet 
of liquid at the turbine wheel (29) in order to impart rotary 
motion to the cone-stack assembly (25). The liquid for 
the flow jet nozzle (27) enters the cone-stack centrifuge 
by way of the liquid inlet (82). The same liquid inlet also 
provides the liquid which is circulated through the cone- 
stack assembly (25). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to the 
continuous separation of solid particles, such as soot, 
from a fluid, such as oil. by the use of a centrifugal field. 
More particularly the present invention relates to the use 
of a cone (disk) stack centrifuge configuration within a 
centrifuge assembly which includes a turbine wheel for 
rotatably driving a rotor. The turbine wheel is driven by 
jet nozzles tangentially aligned with the runner circular 
centerline. 

[0002] Diesel engines are designed with relatively so- 
phisticated air and fuel filters (cleaners) in an effort to 
keep dirt and debris out of the engine. Even with these 
air and fuel cleaners, dirt and debris, including engine- 
generated wear debris, will find a way into the lubricating 
oil of the engine. The result is wear on critical engine 
components and if this condition is left unsolved or not 
remedied, engine failure. For this reason, many engines 
are designed with full flow oil filters that continually clean 
the oil as it circulates between the lubricant sump and 
engine parts. 

[0003] There are a number of design constraints and 
considerations for such full flow filters and typically 
these constraints mean that such filters can only remove 
those dirt particles that are in the range of 10 microns 
or larger. While removal of particles of this size may pre- 
vent a catastrophic failure, harmful wear will still be 
caused by smaller particles of dirt that get into and re- 
main in the oil. In order to try and address the concern 
over small particles, designers have gone to bypass fil- 
tering systems which filter a predetermined percentage 
of the total oil flow. The combination of a full flow filter 
in conjunction with a bypass filter reduces engine wear 
to an acceptable level, but not to the desired level. Since 
bypass filters may be able to trap particles less than ap- 
proximately 10 microns, the combination of a full flow 
filter and bypass filter offers a substantial improvement 
over the use of only a full flow filter. 
[0004] While centrifuge cleaners can be configured in 
a variety of ways as represented by the earlier designs 
of others, one product which is representative of part of 
the early design evolution is the Spinner II® oil cleaning 
centrifuge made by Glacier Metal Company Ltd., of 
Somerset, llminister. United Kingdom, and offered by T. 
F. Hudgins, Incorporated, of Houston. Texas. Various 
advances and improvements to the Spinner II® product 
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nature of the soot and the corresponding risk of unac- 
ceptable wear on critical engine surfaces and at critical 
engine interfaces. Increasingly stringent NO x emissions 
regulations are causing widespread usage of retarded 

5 injection and in some cases exhaust gas recirculation 
or water injection to further retard the combustion event. 
In turn, this reduces peak temperatures and causes NO x 
formation. However, delayed combustion allows soot 
deposition on exposed cylinder walls and subsequent 

10 transfer to the lube oil by the scraping of the rings. En- 
gine data derived to examine lube-oil soot has revealed 
levels as high as seven percent (7%) in 250 hours of 
operation. While this lube-oil soot has a relative dimin- 
utive size on the order of 0.02 to 0.06 microns, it is still 

is abrasive in nature and capable of causing wear at criti- 
cal high pressure/load interfaces such as those found 
in valve train components. For additional information re- 
garding the abrasive nature and wear, refer to SAE Pa- 
per No. 971631. 

20 [0006] Of importance with regard to the present inven- 
tion is the realization that removal of the extremely small 
soot particles by way of conventional filtration or by 
means of conventional centrifugal separators, including 
cone-stack designs, has generally proven to be fruitless. 

25 One of the limiting factors is the rotational speed that 
centrifugal separators are typically driven at. The typical 
or normal rotational speed for Hero-turbine centrifugal 
separators is in the range of approximately 5000 RPMs 
for a rotor with a 4.75 inch outside diameter cone stack 

30 and approximately 7000 RPMs for a rotor with a 3.50 
inch outside diameter cone stack. These speeds are not 
fast enough to remove the soot at an adequate rate in 
order to control soot build up in the oil. Rates of approx- 
imately twice those listed are needed to effectively at- 

35 tack the soot build-up problem. 

[0007] The oil in the sump begins as clean oil and. 
over time with operation of the engine, soot gradually 
builds up. The objective is to control the percentage of 
soot in the sump oil. While an equilibrium condition will. 

40 in time, be established where the removal rate is the 
same as the add rate, the key is the percentage of soot. 
The governing equation is the following: 



45 



Equilibrium soot concentration = 

add rate 

(centrifuge removal efficiency)(centrifuge flow rate) 

The removal efficiency and the flow rate are coupled 
such that just doubling the flow rate cuts the efficiency 



to Herman and by 1 
5.637.217 issued June 10, 1997 to Herman and these 
two patents are expressly incorporated by reference 
herein for their entire disclosures. 

[0005] There is currently an engine operation phe- 
nomenon taking place which creates unacceptable lev- 
els of lube-oil soot. A majority of this lube-oil soot needs 
to be removed from the circulating oil due to the abrasive 
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be increased, the soot concentration in the sump will be 
decreased without altering any other factors or compo- 
nents. 

[0008] In view of the discussed concerns and issues 
with regard to present centrifugal separator designs, it 
would be an improvement to devise a configuration suit- 
able to generate a faster drive (rotational) speed. Test- 
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ing has shown that by driving a centrifugal separator at 
a rotational speed closer to 10,000 RPMs. it is possible 
to demonstrate drastic soot reduction from an approxi- 
mate 4.1 percent level to an approximate 0.8 percent 
level in the lubricant fluid in 280 hours of sump circula- 
tion (off-engine testing). The present invention provides 
an improved structure for a cone-stack centrifugal sep- 
aratorwhich is capable of generating the desired 1 0.000 
RPM speed without needing to increase the lube system 
pressure above the normal and desired operating pres- 
sure of 70 PSI. The operating pressure range is from 
approximately 40 PSI to an upper limit of approximately 
90 PSI. 

[0009] One concern with this range of pressure is that 
the bearings which support the rotor need to be de- 
signed to withstand and contain the pressure inside the 
rotor. While journal bearings are preferred for these el- 
evated pressure levels, these bearings have a rotational 
drag coefficient, caused by viscous shear of thin oil film 
between bearing and shaft, which precludes the cone- 
stack centrifuge from being driven at the desired 1 0.000 
RPM (or higher) speed. By reducing the operating pres- 
sure inside the centrifuge rotor, roller bearings are able 
to be used which have a substantially lower drag coef- 
ficient, allowing a higher speed of rotation. 

SUMMARY OF THE INVENTION 

[0010] A cone-stack centrifuge for separating partic- 
ulate matter out of a circulating fluid according to one 
embodiment of the present invention comprises a cone- 
stack assembly including a hollow rotor hub and being 
designed to rotate about an axis, a base assembly which 
defines a liquid inlet, a first passageway, a second pas- 
sageway connected to the first passageway and a hol- 
low base hub. the liquid inlet being connected to the hol- 
low base hub by the first shaft passageway, a shaft 
centertube attached to the base hub and extending 
through the rotor hub. a bearing positioned between the 
rotor hub and the shaft centertube for rotary motion of 
the cone-stack assembly, a turbine wheel attached to 
the rotor hub. and a flow jet nozzle flow coupled to the 
second passageway for directing a flow jet of liquid at 
the turbine wheel in order to drive the turbine wheel 
which in turn imparts rotary motion to the cone-stack as- 
sembly. 

[0011] One object of the present invention is to pro- 
vide an improved cone-stack centrifuge. 
[0012] Related objects and advantages of the present 
invention will be apparent from the following description 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a front elevational view in full section 
of a cone-stack centrifuge according to a typical embod- 
iment of the present invention. 

[0014] FIG. 1 A is a partial front elevational view in full 



section of a cone-stack centrifuge according to another 
embodiment of the present invention. 
[001 5] FIG. 2 is a diagrammatic top plan view of a im- 
pulse turbine and cooperating jet nozzles which com- 
5 prise part of the FIG. 1 cone-stack centrifuge. 

[001 6] FIG. 2A is a front elevational view in full section 
of a modified half-bucket for use as part of the FIG. 2 
impulse turbine which is used in the FIG. 1 cone-stack 
centrifuge. 

10 [0017] FIG. 2B is a perspective view of the FIG. 2A 
modified half-bucket. 

[0018] FIG. 3 is a front elevational view in full section 
of a center shaft which comprises one part of the FIG. 
1 cone-stack centrifuge. 
15 [0019] FIG. 4 is a front elevational view in full section 
of a rotor hub which comprises one part of the FIG. 1 
cone-stack centrifuge. 

[0020] FIG. 5 is a top plan view of the FIG. 4 rotor hub. 

[0021] FIG. 6 is a front elevational view in full section 
20 of a cone-stack centrifuge according to an alternative 

embodiment of the present invention. 

[0022] FIG. 6A is a partial, front elevational view in full 

section of a cone-stack centrifuge according to another 

embodiment of the present invention. 
25 [0023] FIG. 7 is a front elevational view in full section 

of a center shaft which comprises one part of the FIG. 

6 cone-stack centrifuge. 

[0024] FIG. 8 is a front elevational view in full section 
of a base which comprises one part of the FIG. 6 cone- 

30 stack centrifuge. 

[0025] FIG. 9 is a partial, front elevational view in full 
section of a vane-ring style of impulse turbine suitable 
for use as part of the cone-stack centrifuge according to 
the present invention. 

35 [0026] FIG. 10 is a partial, top plan view of the FIG. 9 
vane-ring style turbine. 

[0027] FIG. 11 is a diagrammatic illustration of one 
vane of the FIG. 9 vane-ring style turbine and cooper- 
ating nozzle jet. 

40 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0028] For the purposes of promoting an understand- 
ing of the principles of the invention, reference will now 

45 be made to the embodiment illustrated in the drawings 
and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of 
the scope of the invention is thereby intended, such al- 
terations and further modifications in the illustrated de- 

5o vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to which 
the invention relates. 

[0029] Referring to FIG. 1 there is illustrated a cone- 
•''■'» stack centrifuge 20 according to a preferred embodi- 
ment of the present invention. Centrifuge 20 includes as 
some of its primary components base 21. bell housing 
22. shaft 23. rotor hub 24. rotor 25. cone st.-ick 26. jet 
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nozzles 27 and 28, and modified Pelton turbine 29. As 
described and used herein, the rotor 25 includes a cone- 
stack assembly. 

[0030] FIG. 2 provides a diagrammatic top plan view 
of jet nozzles 27 and 28 as well as impulse turbine 29 
showing the direction of the flow jets 27a and 28a exiting 
from jet nozzles 27 and 28, respectively. Turbine 29 in- 
cludes a circumferential series of eighteen buckets 32 
attached to a rotatable wheel 33. The flow jets 27a and 
28a are directed tangentially to the wheel on opposite 
sides of the wheel, and are aimed at the center of the 
buckets which rotate into the tangency zone on the cor- 
responding side of wheel 33. Rotatable wheel 33 is se- 
curely and rigidly attached to rotor hub 24 which is con- 
centrically positioned around shaft 23. The rotor hub is 
bearingly mounted to and supported by shaft 23 by 
means of upper roller bearing 34 and lower roller bear- 
ing 35. Sealed bearings are used as opposed to shield- 
ed bearings in order to reduce bearing leakage flow. 
[0031] While turbine 29 can be configured in a variety 
of styles, the preferred configuration for the present in- 
vention is a modified half-bucket style of Pelton turbine. 
The modified half-bucket turbine 29 is illustrated in FIG. 
1 while a conventional Pelton turbine 29a (split-bucket) 
is illustrated in FIG. 1A. The differences between these 
two turbine options are effectively limited to the geom- 
etry of the buckets. 32 and 32a. respectively. With the 
exception of replacing the modified half-bucket style of 
turbine 29 in FIG. 1 with the split-bucket style of turbine 
29a in FIG. 1 A. the construction of the FIG. 1 and FIG. 
1 A centrifuges are identical. While the construction of a 
split-bucket 32a is believed to be well known, the mod- 
ified half-bucket 32 configuration is unique to this appli- 
cation. Reference to FIGS. 2A and 2B will provide addi- 
tional details regarding the geometry and construction 
of each half-bucket 32. 

[0032] The cone-stack assembly or rotor 25 is defined 
herein as including as its primary components base 
plate 38, vessel shell 39, and cone stack 26. The as- 
sembly of these primary components is attached to rotor 
hub 24 such that as rotor hub 24 rotates around shaft 
23 by means of roller bearings 34 and 35. the rotor 25 
rotates. The rotary motion imparted to rotor hub 24 
comes from the action of turbine 29 which is driven by 
the high pressure flow out of jet nozzles 27 and 28. As 
the flow jets 27a and 28a impinge on the buckets 32. 
each corresponding bucket is pushed, rotating the 
wheel 33 so as to bring the next sequential bucket into 
position for the point of tangency striking by the flow jets 

heel in a 



sponds to the speed of the wheel 33 of the turbine 29. 
[0033] In the preferred embodiment of turbine 29. 
each bucket 32 (the modified half-bucket style) has an 
ellipsoidal profile and a 10 to 15 degree exit angle on 

5 the edge of the ellipsoid. A front elevational view of one 
bucket 32 is illustrated in FIG. 2A. A perspective view of 
one bucket 32 is illustrated in FIG. 2B. The flow exiting 
from the bucket is directed downward and away from 
the spinning rotor, thus reducing droplet impingement 

10 drag. 

[0034] Except for those portions within base 21 and 
below base plate 38, the structure of centrifuge 20 is 
similar in certain respects to the structure disclosed in 
U.S. Patent Nos. 5,575.912 and 5,637.217. which pat- 
/5 ents have been expressly incorporated by reference 
herein. More specifically, the outer radial lip 40 of the 
bell housing 22 is positioned on the upper surface of 
flange 41 . The interface between radial lip 40 and flange 
41 is sealed in part by the addition of an intermediate 
20 annular, rubber O-ring 42. A band clamp 45 is used to 
complete and complement the sealed interface. Clamp 
45 is positioned around the lip 40 and flange 41 and in- 
cludes an inner annular clamp 46 and an outer annular 
band 47. As the band 47 is drawn tight, the clamp inside 
25 diameter is reduced and the tapered sides of annular 
channel 48 pull the lip 40 and flange 41 together axially 
into a tightly sealed interface. The drawing together of 
the lip 40 and flange 41 compresses the O-ring 42. 
[0035] At the top of bell housing 22. a cap assembly 
30 51 is provided for receipt and support of the externally- 
threaded end 52 of shaft 23. The details of shaft 23 are 
illustrated in FIG. 3. Adapter 53 is internally threaded 
and includes a flange 54 that fits through and up against 
the edge of opening 55. Sleeve 56. O-ring 57. and cap 
35 58 complete the assembly. With the end 52 first thread- 
ed into adapter 53. and with the O-ring assembled, the 
housing and sleeve are then lowered into position. The 
cap is attached to secure the cap assembly 51 to the 
shaft 23 and housing 22 and the band clamp assembled 
-to and tightened into position. Cap assembly 51 provides 
axial centering for the upper end 52 of shaft 23 and for 
the support and stabilizing of shaft 23 in order to enable 
smooth and high speed rotation of rotor 25. 
[0036] Disposed at the upper end of the rotor 25. be- 
45 tween the bell housing 22 and the externally-threaded 
end 52. is an attachment nut 61 and support washer 62. 
The annular support washer has a contoured shaped 
which corresponds to the shape of the upper portion of 
rotor shell 39. An alternative envisioned for the present 
50 invention in lieu of a separate component for washer 62 



cooperating manner as tnepomTs or rangency 
jets 27a and 28a are 180 degrees apart. The wheel ro- 
tates faster and faster until a steady state speed of ro- 
tation is achieved based on the characteristics of the 
flow jets 27a and 28a and the characteristics and dy- 
namics of the turbine. Since the turbine is attached to 
the rotor hub 24 which is bearingly mounted on the shaft 
23, the rotor 25 rotates at a RPM speed which corre- 



shell by fabricating an impact extruded shell with a thick 
section at the washer location. Upper end 63 of rotor 
hub 24 is bearingly supported by shaft 23 and upper 
bearing 34 and is externally threaded. Attachment nut 
61 is threadedly tightened onto upper end 63 and this 
draws the support washer 62 and rotor shell 39 together. 
The opposite (lower) end 64 of rotor hub 24 is configured 
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with a series of axial notches 64a and an alternating se- 
ries of outwardly extending splines 64b (see FIGS. 4 and 
5). This splined end fits tightly within the cylindrical ap- 
erture 65 which is centered in base plate 38. Aperture 
65 is concentric with hub 24 and with shaft 23 and the 
anchoring of the hub to the housing and to the base plate 
ensures a concentric rotation of the cone-stack assem- 
bly around the shaft 23. The fit between the splined end 
64 and aperture 65 also creates a series of spaced- 
apart. exiting flow channels 66 by way of the notches 
64a and splines 64b. 

[0037] A radial seal is established between the inner 
surface 67 of lower edge 68 of rotor shell 39 and the 
outer annular surface 69 of base plate 38. This sealed 
interface is determined in part by the closeness of the 
fit and in part by the use of annular, rubber O-ring 70. 
O-ring 70 is compressed between the inner surface 67 
and the outer annular surface 69. 

[0038] The assembly between the rotor shell 39 and 
base plate 38 in combination with O-ring 70 creates a 
sealed enclosure defining an interior volume 73 which 
contains cone stack 26. Each cone 74 of the cone stack 
26 has a center opening 75 and a plurality of inlet holes 
disposed around the circumference of the cone adjacent 
the outer annular edge 77. Typical cones for this appli- 
cation are illustrated and disclosed in U.S. Patent Nos. 
5.575.912 and 5.637.217. The typical flow path for the 
rotor 25 begins with the flow of liquid upwardly through 
the hollow center 78 of rotor hub 24. The flow through 
the interior of the rotor hub exits out through apertures 
79. A total of eight equally-spaced apertures 79 are pro- 
vided, see FIG. 4. A flow distribution plate 80 is config- 
ured with vanes and used to distribute the exiting flow 
out of hub 24 across the surface of the top cone 74a. 
The manner in which the liquid (lubricating oil) flows 
across and through the individual cones 74 of the cone 
stack 26 is a flow path and flow phenomenon which is 
well known in the art. This flow path and the high RPM 
spinning rate of the cone-stack assembly enables the 
small particles of soot which are carried by the oil to be 
centrifugally separated out of the oil and held in the cen- 
trifuge. 

[0039] The focus of the present invention is on the de- 
sign of base 21 . the use of a turbine 29. the manner of 
routing a fluid to the flow jet nozzles 27 and 28, and the 
configuration of shaft 23 which provides the desired de- 
sign compatibility with the base 21 . turbine 29. and noz- 
zles 27 and 28. The base 21 is configured with and de- 
fines an inlet aperture 82 and main passageway 83. In- 
tersecting main passageway 83 at right angles are jet 
nozzle passageways 84 and 85. Passageway 84 is de- 
fined by mounting post 86 and provides a fluid commu- 
nication path to jet nozzle 27. On the opposite side of 
wheel 33 and on the opposite side of base hub 87 for 
mounting post 86 is a second mounting post 88 which 
defines passageway 85. Passageway 85 provides a flu- 
id communication path to jet nozzle 28. The hub 87 of 
base 21 includes a cylindrical aperture 89 which is in- 



ternally threaded and which intersects main passage- 
way 83 at a right angle. The base 90 of shaft 23 is ex- 
ternally threaded and threadedly secured and assem- 
bled into aperture 89. Base 90 is hollow and defines pas- 

5 sageway 91 . which has a blind distal end 92 and throttle 
passageway 93. The distal end of passageway 83 is 
closed (i.e., blind) as is the distal end of passageway 84 
and the distal end of passageway 85. 
[0040] The fit of splined end 64 of rotor hub 24 into 

10 cylindrical aperture 65 supports the rotor hub 24 within 
base plate 38 and maintains the securely assembled 
status between base plate 38, rotor shell 39. and rotor 
hub 24. A press fit or even a tight fit between end 64 and 
aperture 65 is sufficient for the desired support. The 

'5 splined fit between end 64 and aperture 65 is also de- 
signed to prevent relative rotational movement between 
the rotor hub 24 and base plate 38. The fit of end 64 
within aperture 65 creates exiting flow channels 66 
which open into the interior space 95 of base 21 defined 

20 by the side wall 96 of base 21 . Side wall 96 further de- 
fines outlet drain opening 97 which permits the oil exiting 
from the rotor 25 by way of flow channel 66 to drain out 
from base 21 and continue on its circulatory path to and 
through the corresponding engine, or other item of 

25 equipment. The lubricating oil which is used through the 
jet nozzles 27 and 28 to drive the turbine 29 also accu- 
mulates in interior space 95 and combines with the oil 
exiting through flow channel 66 and it is this blended oil 
which exits through the outlet drain opening 97. Splash 

30 plate 98 is attached to the upperend surface 99 and 100 
of posts 86 and 88. respectively. 

[0041] For the operation of the centrifuge 20 as illus- 
trated in FIG. 1. pressurized (20-90 PSI) fluid flow (oil) 
enters the centrifuge base 21 via inlet aperture 82 and 

35 main passageway 83. Pressurized oil is supplied to pas- 
sageways 84 and 85 as well as to passageway 91 by 
way of cylindrical aperture 89. Post 86 defines an exit 
orifice 103 which flow connects with jet nozzle 27. A sim- 
ilar exit orifice 104 is defined by post 88 and flow con- 

*>o nects with jet nozzle 28. The blind nature of passage- 
ways 84 and 85 forces the entering flow out through or- 
ifices 103 and 104 in order to create flow jets 27a and 
28a which drive the turbine 29 which in turn rotatably 
drives rotor hub 24 and the remainder of rotor 25. The 

45 high velocity streams of fluid exiting from the two flow 
jet nozzles create the necessary high RPM speed for 
the rotor 25 in order to achieve the desired soot removal 
rate from the oil being routed through the rotor 25. The 
requisite speed is a function of the outside diameter size 

50 of the cone stack as previously discussed. 

[0042] In the preferred embodiment, jet nozzles 27 
and 28 each have an exit orifice sized at a diameter of 
approximately 2.46 mm (0.09 inches). Each nozzle has 
a tapered design on the interior so as to create a smooth 

55 transition leading to the exit orifice diameter in order to 
develop a coherent stable jet with minimal turbulent en- 
ergy and maximum possible velocity. The turbine 29 
converts the kinetic energy of the jets to torque which is 
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imparted to the rotor hub 24. As has been described, 
various styles or designs for turbine 29 are contemplat- 
ed within the scope and teachings of the present inven- 
tion, including a classic Pelton turbine, though miniatur- 
ized in size, a modified half-bucket style, and a vane- 
ring or "turgo" style. Of these options, the modified half- 
bucket style is the preferred choice. The turbine is opti- 
mized in performance efficiency when the bucket veloc- 
ity is slightly less than one-half that of the impinging flow 
jet velocity. In an ideal design, the driving fluid "drops 
off*' the bucket with nearly zero residual velocity and falls 
down into the interior space 95 of the base and exits by 
way of drain opening 97 . A target speed of 1 0,000 RPMs 
with a 70 PSl jet, a design for turbine 29 with a bucket 
pitch diameter of 28.96 mm (1 .14 inches), and a delivery 
torque of approximately 1 inch/pound are characteris- 
tics of the design of the preferred embodiment. Under 
these specifications, the pumping horsepower (parasit- 
ic) loss to the engine is only 0.2 HP (less than 0.03 per- 
cent of engine output for the size of engine under study 
for these conditions). 

[0043] The entering oil by way of passageway 83 also 
flows up through cylindrical aperture 89 into passage- 
way 91 of shaft 23. The upward flow exits the interior of 
shaft 23 by way of throttle passageway 93. In the pre- 
ferred embodiment, the exit orifice diameter for pas- 
sageway 93 is 1 .85 mm (0.073 inches) which limits the 
flow rate through the rotor 25 to approximately 0.6 gal- 
lons per minute. Under test it has been learned that 
there is a high-torque drag spike when flow is between 
0.2 and 0.4 gallons per minute through the rotor. A flow 
of 0.6 gallons per minute avoids this problem. A critical 
aspect of the present invention is the throttling of the 
incoming flow by the use of passageway 93 which is lo- 
cated adjacent to the inlet end 107 of the rotor hub 24. 
In the illustration of FIG. 1, the rotor hub 24 extends in 
an upward direction from base 21 and base plate 38 to 
the area of the attachment nut 61 at the upper end or 
top of the vessel shell 39. Since the incoming oil enters 
at aperture 82 and from there flows in and up, the lower 
end 107 of the rotor hub is the inlet end for the purpose 
of defining the flow path. 

[0044] Locating the throttle passageway 93 at the inlet 
end 107 of the rotor hub in effect depressurizes the in- 
terior 78 of the rotor hub 24 and this permits the use of 
standard deep-groove sealed roller bearings at the lo- 
cations of upper roller bearing 34 and at lower roller 
bearing 35. The use of these styles of roller bearings 
dramatically reduces the rotational drag compared to 

m 



ficient design and arguably an unacceptable design, if 
control of soot is the objective. There is a domino effect 
by throttling the flow and reducing the interior pressure 
in interior 78. The ability to use roller bearings in the cen- 
5 trifuge design according to the present invention permits 
higher rotational speeds due to the lower drag and thus 
speeds in the range of 10.000 RPMs (and higher) can 
be achieved with the present invention. It has been de- 
termined that speeds in this range are required for effi- 
10 cient soot removal. 

[0045] After exiting the shaft throttle passageway 93. 
the process fluid (oil) travels upwardly in the hollow cent- 
er or interior 78 of rotor hub 24 between the shaft 23 and 
hub 24. Near the upper portion of hub 24. there are a 
15 plurality of outlet holes, eight total in the preferred em- 
bodiment. The flowing oil passes through each of these 
outlet holes 79 and the flow is directed up and around 
the cone stack by a flow distribution plate which is 
equipped with radial vanes that accelerate the fluid in 
20 the tangential direction. 

[0046] The flow is distributed throughout the cone 
stack through the vertically-aligned cone inlet holes and 
flows through the gaps in the cone stack radially inwards 
toward the hub. The stack of cones is rigidly supported 
25 by the rotor hub base plate. Upon reaching the hub out- 
side diameter, the flow passes down through aligned cut 
outs on the inside diameter of the cones and exits the 
interior volume 73 through the flow channels 66. As an 
alternative to this configuration, the base plate 38 can 
30 be a one-piece design with holes drilled through the 
plate for fluid exit paths. It is important that the flow exits 
from the flow channels 66 as near the rotational axis as 
possible to avoid drag/speed reduction due to centrifu- 
gal "pumping" energy loss by dumping flow out at a high 
35 tangential velocity, which increases proportionately with 
radius. Also, the exiting flow must leave the cone-stack 
assembly in a manner such that it does not contact the 
outside surface of the base plate and. as a result, rob 
energy by being re-accelerated and "slung" from the 
40 outside diameter of the rotor base at a high speed. This 
result is achieved by routing the exiting oil flow through 
flow channel 66 to a point beneath splash plate 98 and 
this diverts the spray of oil down and away from the spin- 
ning rotor hub 24 towards the drain opening 97. If. in an 
45 alternative design, the splash plate is not used, then the 
exiting oil needs to exitfrom a point lowerthan the lowest 
point of the base plate so that oil is not re-entrained on 
the surface of the spinning rotor as it flies radially out- 
ward from the exit point. As has been described, the 



than drains out of the housing base 21 by way or arain open- 



nal pressures within the interior 78 of rotor hub 24 than 
what is present with the present invention due to the 
throttling effect, journal bearings are needed since they 
can withstand the higher pressure. The problem is that 
journal bearings have substantial levels of rotational 
drag which limit the RPM speed which can be achieved 
for the rotor 25. The resulting soot removal efficiency 
drops off substantially, resulting in a noticeably less ef- 



ing 97 through the force of gravity. 
[0047] With reference to FIG. 6, an alternative cone 
stack centrifuge 120 is disclosed. It should be noted that 
55 centrifuge 120 has a structure which in many respects 
is quite similar to the cone-stack centrifuge 20 of FIG. 
1 . The principal differences between cone stack centri- 
fuge 120 and cone-stack centrifuge 20 involve the de- 
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signs and the relationships for the base 21. shaft 23, 
cylindrical aperture 89, and main passageway 83. Com- 
paring these portions of centrifuge 20 with the corre- 
sponding portions of centrifuge 120 reveals the follow- 
ing differences. In the FIG. 1 design for centrifuge 20, 
the main passageway 83 is in direct flow communication 
with aperture 89 of base hub 87. As illustrated, the ap- 
erture 89 does not axially extend through the main pas- 
sageway 83, but effectively is a T-intersection at that 
point. In the FIG. 6 design, there is no flow communica- 
tion between cylindrical aperture 121 in the base and 
main passageway 122. Instead, the lower end or base 

123 of the shaft 124 of centrifuge 120 is axially extended 
over that of base 90 such that shaft 1 24 extends through 
main passageway 122 and exits out through the lower 
aperture extension 125 of cylindrical aperture 121 . Shaft 

124 is illustrated in FIG. 7 as a separate component part. 
This lower aperture extension 125 intersects the main 
passageway 122 as is illustrated, and is axially aligned 
with the upper portion of cylindrical aperture 1 21 which 
is above the main passageway 122. The design of base 
126 of centrifuge 120 is illustrated in FIG. 8. The base 
123 of shaft 124 still includes a passageway 127 which 
provides a flow path from inlet aperture 128 to throttle 
passageways 129 and 130. Turbine 29 is now num- 
bered as 134, but the designs are basically the same. 
In FIG. 6A, the alternative style of turbine with the split- 
bucket configuration is identified as turbine 134a. 
[0048] It will be noted that shaft 23 includes a single 
throttle passageway 93 while shaft 124 (FIG. 6) includes 
two throttle passageways, 129 and 130. The reason for 
this is due to the fact that in the FIG. 6 embodiment, it 
is possible to throttle the incoming flow of oil at almost 
any point upstream from passageways 129 and 130. 
preferably outside of the centrifuge. As a result, pas- 
sageways 1 29 and 1 30 do not have to serve as the sole 
throttling means. In FIG. 1 . the incoming oil is also used 
to drive the turbine 29 and throttling the flow outside of 
the centrifuge would adversely affect the turbine speed. 
For this reason, throttling of the flow to the rotor 25 is 
accomplished by passageway 93. It is easier to accom- 
plish the throttling function with one passageway as 
compared to two. For this reason, only a single passage- 
way 93 is provided in the FIG. 1 embodiment. 

[0049] Since the interior passageway 1 27 through the 
shaft is not in flow communication with main passage- 
way 122. the incoming flow (oil) at inlet aperture 128 is 
not used to drive turbine 134. Turbine 134 is virtually 
identical to turbine 29 and the balance of centrifuge 120 
is virtually identical to centrifuge 20. except as being de- 
scribed herein. In order to drive the turbine 1 34 by way 
of flow jet nozzles 135 and 136, a pressurized fluid is 
introduced into main passageway 122 by way of inlet 
aperture 137. In the preferred embodiment, this pressu- 
rized fluid (i.e.. driving fluid) is a gas. The pressurized 
gas follows the same path as the oil in the FIG. 1 con- 
figuration except that the pressurized gas does not flow 
into passageway 127 and. as such, is not introduced into 



the cone-stack assembly 138. 

[0050] In order for the pressurized gas to flow to pas- 
sageway 139 in post 140 and ultimately to jet nozzle 
136, the base 123 of shaft 124 is notched or indented 

5 at location 141 in order to permit the pressurized gas a 
free flow path around the base 123 of shaft 124. Pas- 
sageway 142 in post 143 is in communication with pas- 
sageway 122 for the delivery of the pressurized gas to 
jet nozzle 135. An O-ring 144 is positioned between 

10 base 123 and the lower aperture extension 125. Inlet 
aperture 128 is internally threaded for coupling the input 
conduit which delivers the fluid to be introduced into the 
cone-stack assembly. 

[0051] The gas (typically air) which is used to drive 

15 the turbine 134 in FIG. 6 must be vented from the cen- 
trifuge 120 to the atmosphere. While a variety of vent 
designs and locations are suitable for this function, it is 
important to first separate any oil mist which may have 
co-mingled with the air. For this purpose, a coalescer 

20 150 is attached to bell housing 151 and sealed around 
outlet 152. As the spray mist or aerosol of air and oil 
exits through outlet 1 52. the interior of the coalescer 1 50 
pulls the oil out of the air. The air then passes to the 
atmosphere and the oil gradually drips back into the cen- 

25 trifuge. The interior of coalescer 150 includes a metal 
mesh or alternatively a woven or non-woven synthetic 
mesh, all of which are well known in the art. 
[0052] Various styles or designs for turbine 29 and the 
corresponding buckets have been mentioned herein, in- 

30 eluding a classic Pelton turbine 29a with its split-bucket 
configuration for the individual buckets 32a (FIG. 1A) 
and a modified half-bucket style of turbine 29 with its 
buckets 32 (FIG. 1). Either style of impulse turbine is 
suitable for the FIG. 1 and FIG. 6 embodiments as well 

35 as for the alternative embodiments of FIGS. 1 A and 6A. 
The diagrammatic illustration of FIG. 2 is intended to be 
a suitable generic representation of turbines 29 and 29a. 
even though numbered as turbine 29. 
[0053] In the discussion of other options or variations 

-io for turbine 29. mention was made of a vane-ring or turgo 
style of turbine. While the individual vanes of such a tur- 
bine style can be placed at virtually any diameter, the 
efficiency with the gas-driven mode of operation is im- 
proved if the vane circle diameter is increased over the 

45 illustrated bucket circle diameter for turbine 29. The 
vane-ring style of turbine is preferred for gas-driven cen- 
trifuges. It is known that the optimal vane velocity is 
equal to one-half of the jet velocity and. based on 
choked flow (sonic velocity jet), it is preferable to locate 

5a the gas-driven vanes around a larger diameter. 

[0054] Accordingly, FIGS. 9-11 illustrate a vane-ring 
turbine 160 which is created by the attachment of indi- 
vidual vanes 161 to the outer surface of the generally 
cylindrical portion 162a of the rotor shell 162 which is 

w adjacent the lower edge 163. Each vane 161 has a 
curved form with a concave impingement surface 164. 
With this type of vane, the jet nozzle 165 is directed at 
an angle of between 5 and 20 degrees relative to the 
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vanecenterline. an angle which generally coincides with 
the leading edge angle of the vane 61. The jet nozzle 
165 delivers a jet of air from passageway 166 which 
strikes the vanes in rotary sequence and thus drives (ro- 
tates) the rotor which is bearingly mounted onto the 
shaft. 

[0055] For gas-driven operation of the centrifuge of 
FIGS. 6, 6A. and 9, the gas jet is at sonic velocity (for 
pressures above approximately 13 psig). The optimal 
vane velocity (FIG. 9) for maximum kinetic energy ex- 
traction is about 0.4 times the jet velocity, which would 
be about 440 feet per second (for a sonic velocity of 
1100 feet per second). At 10.000 RMP with a 7.3 inch 
diameter rotor, the vane velocity (with the vanes 161 lo- 
cated at the perimeter illustrated in FIG. 9) is approxi- 
mately 320 feet per second which is still "slow" relative 
to optimal. 

[0056] The vane (vane-ring) style of turbine used for 
the FIG. 9 centrifuge can be used with the centrifuge 
embodiments of FIGS. 1. 1A. 6. and 6A as a replace- 
ment for the modified half-bucket and split-bucket tur- 
bine styles. There are though efficiency differences 
based on the turbine style which is used, the location of 
the turbine, the rotor diameter, the driving medium, and 
the jet velocity. 

[0057] While the invention has been illustrated and 
described in detail in the drawings and foregoing de- 
scription, the same is to be considered as illustrative and 
not restrictive in character, it being understood that only 
the preferred embodiment has been shown and de- 
scribed and that all changes and modifications that 
come within the spirit of the invention are desired to be 
protected. 



Claims 



w 



15 



20 



25 



30 



35 



a flow jet nozzle for coupled to said second pas- 
sageway and being constructed and arranged 
for directing a flow jet of fluid at said impulse 
turbine which in turn imparts rotary motion to 
said rotor. 

A cone-stack centrifuge for separating particulate 
matter out of a circulating fluid, said centrifuge com- 
prising: 

a rotor including a cone stack and a hollow rotor 
hub constructed and arranged to rotate about 
an axis; 

a base assembly defining a first fluid inlet in 
communication with a first fluid passageway 
and a second fluid inlet; 

a shaft centertube attached to said base hub 
and extending through said rotor hub. said shaft 
centertube having a passageway therein for 
delivering fluid from said second fluid inlet to 
said cone stack; 

a bearing positioned between said rotor hub 
and said shaft centertube for rotary motion of 
said rotor about said shaft centertube; 
an impulse turbine attached to said rotor; and 
a flow jet nozzle flow coupled to said first pas- 
sageway and being constructed and arranged 
for directing a flow jet of fluid at said impulse 
turbine which in turn imparts rotary motion to 
said rotor. 

A cone-stack centrifuge according to claim I or claim 
2. wherein said impulse turbine includes a plurality 
of individual turbine buckets each with a half-bucket 
design which are constructed and arranged to be 
acted upon by said flow jet of fluid. 



1. A cone-stack centrifuge for separating particulate 
matter out of a circulating fluid, said centrifuge com- 
prising: 

a rotor including a cone stack and a hollow rotor 
hub constructed and arranged to rotate about 
an axis; 

a base assembly defining a fluid inlet, a first 
passageway, a second passageway connected 
to said first passageway and a hollow base hub. 
said fluid inlet being connected to said hollow 
base hub by said first passageway; 
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centertube having a passageway therein for 
delivering fluid from said first passageway to 
said cone stack; 

a bearing positioned between said rotor hub 
and said shaft centertube for rotary motion of 
said rotor about said shaft centertube; 
an impulse turbine attached to said rotor; and 



50 



A cone-stack centrifuge according to claim 3. 
wherein said impulse turbine including the plurality 
of buckets is attached to one end of said rotor hub. 

A cone-stack centrifuge according to claim 1 or 
claim 2. wherein said impulse turbine includes a plu- 
rality of individual turbine buckets, each with a split- 
bucket design, which are constructed and arranged 
to be acted upon by said flow jet of fluid. 

A cone-stack centrifuge according to claim 5. 
wherein said impulse turbine including the plurality 



A cone-stack centrifuge for separating particulate 
matter out of a circulating fluid, said centrifuge com- 
prising: 

a rotor including a cone stack a rotor shell hav- 
ing a generally cylindrical portion, and a hollow 
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rotor hub constructed and arranged to rotate 
about an axis; 



a base assembly defining a first fluid inlet in 
communication with a first fluid passageway 
and a second fluid inlet; 



5 



a shaft centertube attached to said base hub 
and extending through said rotor hub. said shaft 
centertube having a passageway therein for 
delivering fluid from said second fluid inlet to 
said cone stack; 



w 



a bearing positioned between said rotor hub 
and said shaft centertube for rotary motion of 
said rotor about said shaft centertube; 
a plurality of vanes attached to the generally cy- 
lindrical portion of said rotor shell creating a is 
vane-ring turbine using said rotor shell; and 
a flow jet nozzle flow coupled to said first pas- 
sageway and being constructed and arranged 
for directing a flow jet of fluid at said vane-ring 
turbine which in turn imparts rotary motion to 20 
said rotor. 

8. A cone-stack centrifuge according to claim 1 . claim 
2. claim 3. claim 5, or claim 7. wherein said bearing 

is a roller bearing. 25 

9. A cone-stack centrifuge according to claim 1 . or 
claim 2, or claim 5 when appended to claim 1, or 
claim 8, wherein said rotor includes a base plate 
which is assembled to said rotor hub. 30 .' 

10. A cone-stack centrifuge according to claim 9, 
wherein said base plate in cooperation with said ro- 
tor hub defines a flow passageway therebetween 

for fluid exit from said rotor. 35 
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Fig. 1A 
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Fig. 5 
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